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(54) Thermosensitlve recording material. 

@ A thermosensitive recording material providing a high storage durability for colored images, and a 
satisfactory whiteness, comprises a thermosensitive colored image-forming layer formed on a sheet 
substrate and comprising a colorless dye precursor, and a new color developing agent which comprises 
an aromatic sulfon(thio)amide compound of the formulae (I) and (II) : 
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wherein X and Y are O or S ; R, is an unsubstituted aromatic mono- or poly- cyclic group, or a 
substituted phenyl group having a lower alkyl, aryl or halogen ; R 2 is a substituted alkyl group having an 
aralkyl or aryloxy, unsubstituted aromatic mono- or poly- cyclic group, or a substituted aromatic mono- 
or poly- cyclic group having an alkyl, alkenyl, aryl, aralkyl, alkyloxy, aryloxy, aralkyloxy, alkylmercapto, 
arylmercapto, aralkylmercapto, alkyloxycarbonyl, aryloxy-carbonyl, aralkyloxycarbonyl or halogen, and 
R 3 is a substituted phenyl group with a low alkyl, aryl or halogen, unsubstituted aromatic mono- or poly- 
cyclic group or aliphatic or cycloaliphatic hydrocarbon group. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a thermosensitive recording material on which colored images are formed 

by heating. More particularly, the present invention relates to a thermosensitive recording material capable of 
forming thereon colored images having a high persistency for a record storage thereof for a long time. 

The thermosensitive record material is able to record thereon colored images exhibiting an excellent resi- 
stance to moisture, heat, oily and fatty substances, and plasticizers, and thus has a superior stability when stor- 

10 . aged for a long time, and has a high whiteness, and therefore is useful as colored image-recording sheets, 
sheets for use in facsimiles and cash dispensers, as passenger tickets, commuter's passes, labels such as 
POS labels, cards such as prepaid cards, and as transit passes. 

2. Description of the Related Arts 

15 

It is known that a conventional thermosensitive recording material comprises a supporting substrate, for 
example, a paper sheet, synthetic paper sheet, or plastic resin film, and a thermosensitive colored image-form- 
ing layer formed on a surface of the supporting substrate and comprising an electron-donative dye precursor, 
for example, a leuco basic dye, an electron-acceptive color-developing agent consisting of an organic acid sub- 
20 stance, for example, a phenol compound, and a binder. When the thermosensitive colored image-forming layer 
is heated, colored images are recorded thereon by a reaction of the dye precursor with the color-developing 
agent 

This type of thermosensitive recording material is disclosed in Japanese Examined Patent Publication Nos. 
43-4,160, 45-14,039 and 48-27,736, and is widely employed in practice. 

25 Namely, the thermosensitive recording material is advantageous in that colored images can be easily for- 
med only by heating, and the recording apparatus can be made relatively compact and small size, at a low cost, 
and is easily maintained, and thus is useful as an information-recording material for various outputs or printers 
used with, for example, computers, facsimile machines, automatic ticket-vending machines, scientific measure- 
ment recorders, and CRT medical measurement recorders. 

30 Nevertheless, the conventional dye-forming type thermosensitive recording materials in which the ther- 

mosensitive colored image-forming layer comprises a conventional color-developing agent together with the 
dye precursor and the binder, is disadvantageous in that the reaction of the dye precursor with the color- 
developing agent is reversible, and thus the.resultant colored images fade with a lapse of time. This fading of 
the colored images is accelerated by exposure to light, high temperatures and high humidity, and promoted by 

35 contact with an oily or fatty substance or a plasticizer, and the colored images fade to an extent such that the 
faded images cannot be recognized. 

Many attempts have been made to inhibit the color-fading of the colored images formed on the conventional 
thermosensitive colored image-forming layer containing a substantially colorless dye precursor comprising a 
lactone ring compound. 

40 For example, Japanese Unexamined Patent Publication Nos. 60-78,782, 59-167,292, 59-1 14,096 and 59- 

93,387 disclose a thermosensitive colored image-forming layer containing a phenolic antioxidant. 

Japanese Unexamined Patent Publication No. 56-146,796 discloses a protective layer formed from a 
hydrophobic polymeric compound emulsion on a thermosensitive colored image-forming layer. 

Japanese Unexamined Patent Publication No. 58-199,189 discloses an intermediate layer formed from a 
45 water-soluble polymeric compound solution or a hydrophobic polymeric compound emulsion on a thermosen- 
sitive colored image-forming layer, and a surface layer formed from a solution of a hydrophobic polymer in a 
solvent on the intermediate layer. 

Japanese Unexamined Patent Publication Nos. 62-164,579 and 2-23,3149 disclose a thermosensitive col- 
ored image-forming layer containing an additive consisting of an epoxy compound and/or an aziridine com- 
so pound. 

In the thermosensitive colored image-forming layer containing the phenolic antioxidant, the resultant col- 
ored images exhibit a longer persistency in the ambient atmosphere than that of a conventional colored ima- 
ge-forming layer free from the phenolic antioxidant, but the improvement in the storage stability of the resultant 
colored images is still not satisfactory. Also, the phenolic antioxidant does not effectively enhance the resist- 
55 ance of the colored images to the oily or fatty substances and plasticizes. The resistance of the colored images 
to oily or fatty substance or plasticizer is determined in such a manner that an oily or fatty substance, for 
example, a salad oil, or a plasticizer, is brought into contact with colored images, the colored images are left 
in contact with the oily or fatty substance or the plasticizer for a predetermined time, and then a retention of 
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the color density of the tested colored images is measured in comparison with an initial color density thereof. 

When the protective layer or the intermediate and surface layers are formed on the thermosensitive colored 
image-forming layer, the resultant colored images exhibit an enhanced storage stability in the ambient atmos- 
phere, to a certain extent, but the fading of the colored images cannot be avoided after a lapse of a long time. 

5 Also, although the resistance of the colored images to the oily or fatty substances, or to the plasticizer, 
immediately after the contact with the oily or fatty substance, or the pasticizer, is improved, the colored images 
gradually fade with a lapse of time and a penetration of the oily or fatty substance, or the plasticizer, into the 
colored image-forming layer, and finally disappear. Therefore, the provision of the protecting layer or the Inter- 
mediate and surface layer cannot completely eliminate this undesirable color-fading of the images. 

10 The additon of the epoxy compound and/or aziridine compound to the colored image^forming layer is 
unsatisfactory in that it takes a long time to satisfactorily stabilize the colored images formed on the colored 
image-forming layer by a heat-recording operation, and therefore, if an oily or fatty substance, for example, 
salad oil, is brought into contact with the colored image-forming layer immediately after the heat-recording oper- 
ation, the resultant colored images are faded to a great extent. 

15 Also, when the epoxy compound is used together with a conventional phenolic color-developing agent, the 
resultant thermosensitive colored image-forming layer exhibits a lowered whiteness, and sometimes, is color- 
developed at a relatively low temperature of 50°C to 60°C which is lower than the temperature at which a heat 
recording operation is carried out. 

This phenomenon is referred to as a low temperature ground color-developing phenomenon hereafter. 

20 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a thermosensitive recording material allowing colored 
images having an excellent storage persistency over a long time and a superior resistance to oil or fat subst- 
25 ance, plasticizer, heat, and moisture, to be formed thereon. 

Another object of the present invention is to provide a thermosensitive recording material having a satis- 
factory whiteness, thermosensitivity, and inhibition of a low temperature ground color-developing phenomenon. 

Still another object of the present invention is to provide a thermosensitive recording material useful for 
facsimile printers, word processer printers, video printers, CRT image-forming recording material, medical diag- 
30 nosis, passenger's tickets, coupon tickets, and commuter's passes, which must have a high persistency in 
terms of the quality of the colored images recorded thereon, and for label sheets in a POS barcode price-indicat- 
ing system, to be attached to an inside surface of a polyvinyl chloride film containing a pasticizing agent and 
wrapping fresh food or meat containing an oily or fatty substance, which label sheets are unavoidably brought 
into contact with the plasticizing agent and/or the oily or fatty substance. 
35 The above-mentioned objects can be attained by the thermosensitive recording material of the present 
invention, which comprises 
a sheet substrate, and 

a thermosensitive colored image-forming layer formed on a surface of the sheet substrate and compris- 
ing a substantially colorless dye precursor, a color developing agent reactive with the dye precursor upon heat- 
40 ing to thereby develop a color, and a binder, 1 

the color developing agent comprising at least one aromatic sulfonyl (thio) amide compound selected 
from the group consisting of the compounds of the formulae (I) and (II): 

R i - S0 2 - NH - C - Y - R 2 . . . (I) 

45 | 

X 

and 

50 

Ri - S0 2 - NH - C - R 3 ... (II) 

1 

O 

55 

in which formulae (I) and (II), X and Y, respectively and independently from each other, represent a member 
selected from the group consisting of oxygen and sulfur atoms; Rt represents a member selected from the group 
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consisting of unsubstituted aromatic mono-and poly-cyclic groups, and substituted phenyl groups having at 
least one substituent selected from the group consisting of lower alkyl groups, aryl groups and halogen atoms; 
R 2 represents a member selected from the group consisting of substituted alkyl groups having at least one sub- 
stituent selected from the group consisting of aralkyl and aryloxy groups, unsubstituted aromatic mono- and 

5 polycyciic groups, and substituted aromatic mono- and poly- cyclic groups having at least one substituent selec- 
ted from the group consisting of alkyl, alkenyl, aryl, aralkyl, alkyloxy, aryloxy, aralkyloxy, alkyl mercapto, aryl- 
mercapto, aralkylmercapto, alkyloxycarbonyl, aryloxycarbonyl and aralkyloxycarbonyl groups and halogen 
atoms; and R 3 represents a member selected from the group consisting of substituted phenyl groups having 
at least one substituent selected from the group consisting of lower alkyl groups, aryl groups and halogen atoms, 

10 unsubstituted aromatic mono- and poly-cyclic groups and aliphatic and cycloaliphatic hydrocarbon groups hav- 
ing 1 to 20 carbon atoms. 

In an embodiment of the thermosensitive recording material of the present invention, the thermosensitive 
colored image-forming layer further contains a colored image-stabilizing agent comprising at least one member 
selected from the group consisting of aromatic compounds having at least one epoxy group and organic com- 
15 pounds, namely, aromatic, aliphatic and cycloaliphatic compounds, having at least one aziridinyl group. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The thermosensitive recording material of the present invention comprises a sheet substrate and a ther- 
20 mosensitive colored image-forming layer formed on a surface of the sheet substrate. 

The thermosensitive colored image-forming layer comprises a substantially colorless dye precursor, a co- 
lor-developing agent reactive with the dye precursor upon heating, to thereby develop a color, and a binder. 

In the present invention, the color developing agent must comprise at least one aromatic sulfonyl(thio)ami- 
de compound selected from N-arylsulfonyl(thio)carbamic acid esters the formula (I): 

25 

R, - S0 2 - NH - C - Y - R2 -..(I) 

1 

X 

30 

and N-arylcarbonylarylsulfonamides and N-alkylcarbonylarylsulfonamides of the formula (II): 

Rj - S0 2 - NH - C - R 3 • • • (II) 

I 

35 0 

In the formula (I), X and Y, respectively and independently from each other, represent a member selected 
from the group consisting of oxygen and sulfur atoms; represents a member selected from the group con- 

40 sisting of unsubstituted aromatic mono-and poly-cyclic groups, and substituted phenyl groups having at least 
one substituent selected from the group consisting of lower alkyl groups, aryl groups and halogen atoms; and 
R 2 represents a member selected from the group consisting of substituted alkyl groups having at least one sub- 
stituent selected from the group consisting of aralykyl and aryloxy groups, unsubstituted aromatic mono- and 
polycyciic groups, and substituted aromatic mono- and polycyciic groups having at least one substituent selec- 

45 ted from the group consisting of alkyl, alkenyl, aryl, aralkyl, alkyloxy, aryloxy, aralkyloxy, alkylmercapto, aryl- 
mercapto, aralkylmercapto, alkyloxycarbonyl, aryloxycarbonyl and aralkyloxycarbonyl groups and halogen 
atoms. 

In the formula (II), Ri is as defined above, and R3 represents a member selected from the group consisting 
of substituted phenyl groups having at least one substituent selected from the group consisting of lower alkyl 
50 groups, aryl groups and halogen atoms, unsubstituted aromatic mono- and poly-cyclic groups and aliphatic and 
cycloaliphatic hydrocarbon groups having 1 to 20 carbon atoms. The aliphatic and cycloaliphatic hydrocarbon 
groups may be saturated or unsaturated. The cycloaliphatic hydrocarbon groups have 3 to 20 carbon atoms. 

Although the aromatic sulfonyl(thio)amide compounds of the formulae (I) and (II) do not have an acid group, 
for example, a phenolic hydroxyl group or carboxyl group, nevertheless those aromatic sulfony1(thio)amide 
55 compounds serve as a color-developing agent for the electron-donative dye-precursor in the thermosensitive 
colored image-forming layer. 

Namely, even through the aromatic sulfonyl(thio)amide compounds of the formulae (I) and (II) are free from 
the above-mentioned phenolic hydroxyl group and carboxyl group, those compounds exhibit a strong color- 
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developing activity. The reason for the strong color-developing activity of the aromatic compounds of the for- 
mulae (I) and (II) is not completely clear, but it is assumed that, in the aromatic sulfon(thio)amide compounds 
of the formula (I) and (II), the thio(amide) group, -NH(C=X)-, is activated by a sulfonyl group, -SO r , adjacent 
thereto, to thus exhibit an color-developing property similar to that of the phenolic hydroxyl and carboxyl groups. 
The N-arylsulfonyl(thio) carbamic acid esters of the formula (I) are preferably selected from: 

phenyl N-(p-toluenesulfonyl) carbamate (m.p.: 106°C) 

2,3,4-trimethylphenyI N-(p-toluenesulfonyl) carbamate (m.p.: 144°C), 

benzyl N-(p-toluenesulfonyl) carbamate (m.p.: 98°C), 

2-phenoxyethyl N-(p-toluenesulfonyl) carbamate (m.p.: 120°C), 

p-cumylphenyl N-(p-toluenesulfonyl) carbamate (m.p.: 120°C). 

0- biphenyl N-(p-toluenesufonyl) carbamate (m.p.: 136°C), 

1- naphtyl N-(p-toluenesulfonyl) carbamate (m.p.: 148°C), 

1- (4-methoxynaphthyl) N-(p-toluenesulfonyl) carbamate, 

p-benzyloxycarbonylphenyl N-(p-toluenesulfonyl) carbamate (m.p.: 1 12 to 130°C), 
p-methoxycarbonyl phenyl N-(p-toluenesulfonyl)-carbamate (m.p.: 176°C), 
p-n-butoxycarbonyl phenyl N-(p-toluenesulfonyl) carbamate (m.p.: 113°C), 
p-benzyloxyphenyl N-(p-toluenesulfonyl) carbamate (m.p.: 122°C), 
m-benzyloxyphenyl N-(p-toluenesulfonyl) carbamate, 
p-methoxyphenyl N-(p-toluenesulfonyl) carbamate (m.p.: 95°C), 
m-methoxyphenyl N-(p-toluenesulfonyl) carbamate (m.p.: 96°C), 
p-ethoxyphenyl N-(p-toluenesulfonyl) carbamate (m.p.: 88°C), 
p-n-butoxyphenyl N-(p-toluenesuIfonyl) carbamate (m.p.: 114°C), 
p-chlorophenyl N-(benzenesulfonyl) carbamate, 

2- methoxy-4-a11ylphenyl N-(p-toluenesulfonyl) carbamate (m.p.: 123°C), 
p-methylmercaptophenyl N-(p-toluenesulfonyl) carbamate (m.p.: 95°C), 

3- methyl-4-methylmercaptophenyl N-(p-toluenesulfonyl) carbamate (m.p.: 1 05°C), 
p-biphenyl N-(o-toluenesulfonyl) carbamate, 

p-benzylmercaptophenyl N-(p-toluenesulfonyl) carbamate, 
p-benzyl N-(l-naphthalenesulfonyl) carbamate, 
p-tolyl N-(p-toluenesulfonyl) thiocarbamate (m.p.: 95°C), 
p-methylbenzyl N-(p-toluenesulfonyl) dithiocarbamate, 
1-naphthyl IM-(p-toluenesulfonyl) carbamate, and 
p-phenoxyphenyl N-(p-toluenesulfonyl) carbamate. 
The N-arylcarbonylarylsulfonamides and N-alkylcarbonylarylsulfo nam ides of the formula(ll) are preferably 
selected from: 

N-benzoylbenzenesulfonamide (m.p.: 147°C), 
N-(o-toluoyl) benzenesulfonamide (m.p.: 91 °C), 
N-(m-toluoyl) benzenesulfonamide (m.p.: 116°C), 
N-(p-toluoyl) benzenesulfonamide (m.p.: 135°C), 
N-(l-naphthoyl) benzenesulfonamide (m.p.: 174°C), 
N-(2-naphthoyi) benzenesulfonamide (m.p.: 151°C), 
N-benzoyl-o-toluenesulfonamide (m.p.: 126°C), 
N-(o-toluoyl)-o-toluenesulfonamide (m.p.: 136°C), 
N-(m-toluoyl)-o-toluenesulfonamide (m.p.: 118°C), 
N-(p-toluoyl)-o-toluenesulfonamide (m.p.: 141 °C), 
N-benzoyl-p-toluenesuIfonamide (m.p.: 137°C), 
N-(o-toluoyl)-p-toluenesulfonamide (m.p.: 112°C), 
N-(m-toluoyl)-p-toluenesulfonamide (m.p.: 132°C), 
N-(p-toluoyl)-p-toluenesulfonamide (m.p.: 138°C), 
N-(3,4-dimethylbenzoyl)-p-toluenesulfonamide (m.p.: 147°C), 
N-(p-chlorobenzoyl)-p-toluenesulfonamide (m.p.: 195°C), 
N-(o-chlorobenzoyl)-p-toluenesulfonamide (m.p.: 111°C), 
N-(2,5-dichlorobenzoyl)-p-toluenesulfonamide (m.p.: 198°C), 
N-(1-naphthoyl)-p-toluenesulfonamide (m.p.: 1 50°C), 
N-(2-naphthoyl)-p-toluenesulfonamide (m.p.: 167°C), 
N-(3,4-dimethylbenzoyi)-3,4-dimethylbenzenesulfonamide (m.p.: 119°C), 
N-(benzoy1)-mesity1enesulfonamide, 
N-benzoyl-p-chlorobenzenesulfonamide (m.p.: 184°C), 
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N-(o-chlorobenzoyl)-1-naphthalenesulfonamide (m.p.: 177°C), 

N-(o-toluoyl)-2-naphthalenesulfonanriide (m.p.: 145°C), 

N-(m-toluoyl)-2-naphthalenesulfonamide (m.p.: 147°C), 

N-(p-toluoyl)-2-naphthalenesulfonamide (m.p.: 166°C), 

N-acetyl-benzenesulfonamide (m.p.: 127°C), 

N-cyclohexanecarbonyl-p-toluene sulfonamide, 

N-lauloyl-p-toluenesulfonamide (m.p.: 83°C), 

N-myristoyl-p-toluenesulfonamide (m.p.: 90°C), 

N-palmitoyl-p-toluenesulfonamide (m.p.: 102°C), 

N-stealoyl-p-toluenesulfonamide (m.p.: 99°C), 

N-oleoyl-p-toluenesulfonamide, and 

N-acetylmesitylenesulfonamide (m.p.: 166°C). 
In an embodiment of the thermosensitive recording material of the present invention, the thermosensitive 
colored image-forming layer contains a colored Image-stabilizing agent comprising at least one member selec- 
ted from aromatic compounds having at least one epoxy group of the formula: 



- CH - CH 2 , 

\ / 
0 

as disclosed in Japanese Unexamined Patent Publication Nos. 62-164,579, and 2-220,885 and organic com- 
pounds having at least one aziridinyl group of the formula: 

CH 2 

/ 

- N 

\ 

CH 2 

The aromatic compounds having at least one epoxy group and usable for the present invention are pref- 
erably selected from the group consisting of 4,4'-bis(2",3"-epoxypropyloxy)diphenylsulfone, 2,2-bis[4'-(2'',3"- 
epoxypropytoxy)phenyl]propane, 1 ,4-bis(2',3'-epoxypropyloxy) benzene, 4-(2"-methyl-2",3"-epoxypropyloxy>4'- 
benzyloxy-diphenylsulfone, 4-(2"-3"-epoxypropyloxyHXP-methylbenzyloxy)-diphenylsul^^^ epoxidized o- 
novolak cresol resines, 4,4'-bis(2",3"-e poxy propyloxy)di phenyl methane, 4,4'-bis(2",3"-epoxypropylamino)di- 
phenylmethane, bis(2",3"-epoxypropyl)-4,4'-methylene dibenzoate, 4,4'-bis(2",3"-epoxypropyloxy) biphenyl, 
4,4'-bis(2",3"-epoxypropyloxy)-3,3',5,5'-tetramethylbiphenyl, 2,6-bis(2'3'-epoxypropyloxy) naphthalene, and 
bis(2,3-epoxypropyl)terephthalate. 

The organic compounds having at least one aziridinyl group are preferably selected from the group con- 
sisting of 2,4-bis(1-aziridinylcarbonylamino)toluene, bis[4-(1-aziridinylcarbonylamino)phenyl]methane, bis[3- 
chlora4-(1-aziridinylcarbonylamino)phenyl]methane, 2,2-bis[4-(1-aziridinylcarbonyloxy)phenyl]propane f 1,4- 
bis(1-aziridinylcarbonyl)benzene. 

The dye precursor usable for the present invention comprises at least one member selected form conven- 
tional triphenylmethane, fluoran and diphenylmethane leuco dyes, for example, 3-(4-diethylamino-2-ethox- 
yphenyl)-3-(1-ethyl-2-methylindole-3-il)-4-azaphthalide, crystal violet lactone, 3-(N-ethyl-N-isopentylamino)- 
6-methyl-7-anilinofluoran, 3-diethylamino-6-methyl-7-anilinofluoran, 3-diethytamino-6-methyl-7-(2',4'-dime- 
thyl-anilino) fluoran, S^N-ethyl-N-p-toluidino)-6-methyl-7-anilinofluoran, 3-pyrrolidino-6-methyl-7-anilinofluoran, 3- 
dibutylamino-6-methyl-7-anilinofluoran, 3-(N-cyclohexyl-N-methylamino)-6-methyl-7-anilinofluoran, 3-diethylami- 
no-7-(o-chloroanilino) fluoran, 3-dibutylamino-7-(o-chloroanilino) fluoran, 3-diethylamino-7-(m-trifluorome- 
thylanilino) fluoran, 3-diethyIamino-6-methyl-7-chlorofluoran, 3-diethylamino-6-methylfluoran, 3-cyclohexylami- 
no-6-chlorofluoran and 3-(N-ethyl-N-hexylamino)-6-methyl-7-(p-chloroanilino) fluoran. 

The color-developing agent usable for the present invention optionally comprises, in addition to the aroma- 
tic sulfon(thio)amide compound, at least one conventional acid compound selected from phenolic compounds 
and organic acid compounds, for example, 2,2-bis(4-hydroxyphenyl) propane(bisphenol A), 1,1-bis(4-hyd- 
roxyphenyl)-1-phenyt-ethane, 1,4-bis[1 -methyl- 1-(4'-hydroxy-phenyl)ethyl] benzene, 1,3-bis[1 -methyl- 1-(4'- 
hydroxyphenyl)ethyl] benzene, dihydroxydiphenylether (JP-A-1 -180,382), benzyl p-hydroxybenzoate (JP-A- 
52-140,483), bis-phenol S, 4-hydroxy-4 / -iso propyloxydiphenyl-sulfone(JP-A-60-13,852), 1,1-di(4-hydroxy- 
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phenyl) cyclohexane, 1 J-dK^hydroxy-phenylthio^.S-dioxaheptaneCJP-A-Sg-Sa.eQA), 3,3'-diallyl-4,4'-dihyd- 
roxydiphenyl-sulfone(JP-A-60-208,286). 

Preferably, in the color-developing agent, the aromatic sulfon(thio)amide compound is present in an 
amount of 50% to 100% based on the total weight of the color developing agent. 

5 The thermosensitive colored image-forming layer of the present invention optionally further comprises a 

heat-fusible organic substance, usually referred to as a sensitizing agent. This sensitizing agent comprises at 
least one organic compound having a melting point of from 50°C to 160°C, for example, phenyl 1-hydroxy-2- 
naphthoate (JP-A-57-191,089), p-benzyl-biphenyl (JP-A-60-82,382), benzyl -naphthylether (JP-A-58-87,094), 
dibenzyl terephthalate (J P-A-5 8-98,285), benzyl p-benzytoxybenzoate (JP-A-57-201 ,691 ), diphenyl carbonate, 

10 ditolyl cabonate ( J P-A-58- 136,489), m-terphenyl (JP-A-57-89,994), 1 ,2-bis(m-tolyioxy) ethane (JP-A-60- 
56,588), 1,5-bis (p-methoxyphenoxy)-3-oxapentane (JP-A-62-181,183), oxalic acid diesters (JP-A-64-1 ,583) 
and 1,4-bis(p-tolyloxy) benzene (J P-A-2- 153,783). 

The thermosensitive colored image-forming layer of the present invention optionally further comprises at 
least one member selected from hindered phenolic compounds and ultraviolet ray-absorbers, as disclosed, for 

15 example, in JP-A-57-151,394, JP-A-58-160,191, JP-A-58-69,096, JP-A-59-2,884, JP-A-59-95,190, JP-A-60- 
22,288, JP-A-60-255,485, J P-A-6 1-44,686, JP-A-62-1 69,683, JP-A-63-17,081, and JP-A-1 -249,385. 

The phenolic compounds and ultraviolet ray-absorbers are preferably selected from 1,1,3-tris(3'-cycloxyl- 
4'-hydroxyphenyl)butane; 1 ,1 ,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)butane, 4,4'-thio-bis(3-methyl-6- 
tert-butylphenol), 1 ,3,5-trimethyl-2 > 4-6-tris(3,5<li-tert-butyl-4-hydroxybenzyl)benzene, 2,2'-dihydroxy-4,4'-dime- 

20 thoxybenzophenone, p-octylphenyl salycilate, 2-(2'-hydroxy-5'-methylphenyi)benzotriazole, ethyl 2-cyano- 
3,3'-diphenyl acrylate, and tetra(2,2,6,6-tetramethyl-4-piperidyl)-1 > 2,3 l 4-butane-tetracarbonate. 

As stated above, in the thermosensitive recording material of the present invention, the thermosensitive 
colored image-forming layer comprises a dye precursor, a color-developing agent comprising at least one 
aromatic sulfonyl(thio)amide compound the formulae (I) and/or (II), a binder, and optionally, a colored image- 

25 stabilizing agent comprising at least one member selected from the epoxy group-having aromatic compounds 
and the aziridinyl group-having organic compounds. 

The thermosensitive colored image-forming layer of the present invention optionally further contains an 
additive comprising at least one member selected from, for example, conventional color-developing phenolic 
and organic acid compounds, sensitizing agents, antioxidants, ultraviolet ray-absorbers, waxes, and organic 

do and inorganic pigments. 

In the thermosensitive colored image-forming layer of the present invention, preferably, the dye precursor 
is present in an amount of 5 to 40% by weight, the color-developing aromatic sulfonyl(thio)amide compound is 
present in an amount of 10 to 50% by weight, and the binder is present in an amount of 5 to 20% by weight. 
The above-mentioned amounts are based on the total dry weight of the thermo sensitive colored image-forming 

35 layer. If the amount of the color-forming aromatic sulfonyl(thio)amide compound is less than 10% by weight, 
the resultant colored image-forming layer sometimes exhibits an unsatisfactory color-developing effect Also, 
an amount of the color-developing aromatic sulfonyl(thio)amide compound exceeding 50% by weight is not 
effective for further increasing the color-developing power of the resultant color image-forming layer. 

Preferably, the colored image-stabilizing agent comprising the epoxy group-having aromatic compound 

40 and/or the aziridinyl group-having organic compound, is present in an amount of 1 to 30% by weight in the ther- 
mosensitive colored image-forming layer. 

The presence of the colored image-stabilizing agent in an amount of less than 1% does not impart a satis- 
factorily high persistency to the resultant colored images, and an amount of the colored image-stabilizing agent 
of more than 30% by weight does not effectively further enhance the storage durability of the resultant colored 

45 images. 

The antioxidant or ultraviolet ray absorber is optionally preferably contained in an amount of 1 to 10% by 
weight in the thermosensitive colored image-forming layer. An amount of the antioxidant or ultraviolet ray absor- 
ber of less than 1 % by weight does not satisfactorily and effectively prevent a fading or discoloring of the colored 
images. Further, an amount of more than 30% by weight of the antioxidant or ultraviolet ray absorber causes 
so a reduction of the whiteness of the resultant colored image-forming layer, and sometimes hinders the ease of 
travel of the resultant recording material in a printer. 

The conventional color-developing phenolic or organic acid compound is optionally preferably contained 
in an amount of 5 to 40% in the colored image-forming layer. 

The sensitizing agent is optionally preferably contained in an amount of 10 to 40% by weight, and the wax 
55 and organic or inorganic pigment are optionally contained in amounts of 5 to 20% by weight and 10 to 50% by 
weight, respectively. 

The wax usable for the present invention preferably comprises at least one member selected from, for 
example, paraffin waxes, carnauba wax, microcrystalline waxes, polyethylene waxes, amide type waxes, bis'h 
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mide type waxes, higher fatty acid amide waxes, for example, stearic acid amide, ethylene-bis-stearoamide 
wax, higher fatty acid esters and metal salts, for example, zinc stearate, aluminum stearate calcium stearate 
and zinc oleate. 

The inorganic and organic pigments usable for the present invention are preferably selected from inorganic 
5 fine particles of, for example, calcium carbonate, silica, zinc oxide, titanium dioxide, aluminum hydroxide, zinc 
hydroxide, barium sulfate, clay, anhydrous clay, talc, and surface-treated calcium carbonate and silica and 
organic fine particles of, for example, urea-formaldehyde resins, styrene-methacrylate copolymer resins and 
polystyrene resins. 

The binder preferably comprises at least one member selected from water-soluble polymeric materials, for 
10 example, various types of polyvinyl alcohol resins which have a different molecular weight from each other, 
starch and starch derivatives, cellulose derivatives, for example, methoxy cellulose, carboxymethyl cellulose, 
methyl cellulose and ethyl cellulose, sodium polyacrylate, polyvinyl pyrrolidine, acrylic acid amide-acrylic acid 
ester copolymers, acrylic acid amide-acrylic acid ester-methacrylic acid terpolymers, alkali salts of styrene-ma- 
leic anhydride copolymers, polyacrylic acid amide, sodium alginate, gelatine and casein, and water-insoluble 
15 polymeric materials, for example, polyvinyl acetate resins, polyurethane resins, styrene-butadiene copolymer 
resins, polyacrylic acid resins, polyacrylic acid ester resins, vinyl chloride-vinyl acetate copolymer resins, 
polybutyl acrylate, ethylene-vinyl acetate copolymer resins and styrene-butadiene-acrylic compound-ter- 
polymer resins, which are used in the form of latexes. 

The sheet substrate usable for the present invention is not limited to a specific group of materials, and usu- 
20 ally the sheet substrate comprises a member selected from fine paper sheets, coated paper sheet having a 
clay or plastic coating layer, cast-coated paper sheets, paper boards, plastic resin films, synthetic paper sheets 
comprising a plastic resin, and laminated paper sheets. Preferably, the sheet substrate has a basis weight of 
40 to 170 g/m 2 . 

The colored image-forming layer can be formed on a surface of a sheet substrate, by applying a coating 
25 liquid containing the above-mentioned components, and by drying and solidifying the coating liquid layer on 
the sheet substrate. 

The colored image-forming layer is preferably present in a dry weight of from 1 to 1 5 g/m 2 , more preferably 
2 to 10 g/m 2 . 

In the present thermosensitive recording material, a protective layer and/or a printed layer may be formed 
30 on the colored image-forming layer. 

EXAMPLES 

The present invention will be further explained by the following specific examples, which are merely rep- 
35 resentative and do not in any way restrict the scope of the present invention. 

Synthesis Example 1 Preparation of N-(o-toluoyl)-p-toluenesulfonamide 

A three necked flask equipped with a dropping funnel, a thermometer, and a reflux condenser was charged 
40 with 10 g of p-toluenesulfonamide. The p-toluene-sulfonamide was dissolved in 20 ml of pyridine, and to the 
resultant reaction solution were dropwise added 9.5 g of o-toluoyl chloride, while the flask was cooled in an ice 
bath, and the reaction mixture was stirred by using a magnetic stirrer. This dropwise addition was carried out 
at a temperature of 20°C or less, and after the dropwise addition was completed, the temperature of the reaction 
mixture was gradually restored to room temperature. The ice bath was then replaced by a heating oil bath, and 
45 the flask placed in the heating oil bath to heat the reaction mixture at a temperature of 140°C for 3 hours. After 
the reaction was completed, the resultant reaction product was washed with IN hydrochloric acid solution and 
extracted with ethyl ether. The extracted ethyl ether solution was washed with water, dried over magnesium 
sulfate, and filtered, and the resultant filtered solution was solidified by evaporating away ethyl ether, to obtain 
13 g of light yellow crystals as the product. 
so The crystals were recrystallized by using toluene, and a white crystalline substance was obtained in an 

amount of 12 g, and exhibited a melting point of 1 18°C. 

It was confirmed by NMR measurement and mass spectrometry (chemical ionization method) that the resul- 
tant product was the intended N-(o-toluoyl)-p-toluenesulfonamide. 

55 Synthesis Example 2 Preparation of N-benzoyl-o-toluenesulfonamide 

The same synthesis procedures as in Synthesis Example 1 were carried out except that the p-toluenesul- 
fonamide was replaced by o-toluenesulfon amide and 9.5 g of the o-toluoyl chloride was replaced by 8.5 g of 
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benzoyl chloride, whereby a white crystalline substance having a melting point of 126°C was obtained, which 
was subjected to NMR measurement and a mass spectrometry (chemical ionization method), whereby the 
resultant product was identified as the intended N-(o-toluoyl) benzenes ulfonamide. 

5 Synthesis Example 3 Preparation of N-(o-toluoyl) benzenesulfonamide 

The same synthesis procedures as in Synthesis Example 1 were carried out except that p-toluenesul- 
fonamide was replaced by o-toluenesulfonamide and the o-toluoyi chloride was employed in an amount of 10 
g in place of 9.5 g, whereby 10 g of white crystals having a melting point of 91°C was obtained. 
10 Thereafter, when subjected to NMR measurement and a mass spectrometry (chemical ionization method), 

it was confirmed that the resultant crystals were the intended N-(o-toluoyl)benzenesulfonamide. 

Synthesis Example 4 Preparation of N-palmitoyl-p-toluenesulfonamide 

15 The same synthesis procedures as in Synthesis Example 1 were carried out except that 9.5 g of o-toluoyl 
chloride were replaced by 18.5 g of palmitoyl chloride, whereby 16 g of white crystals having a melting point 
of 1 02°C was obtained. 

Thereafter, when subjected to NMR measurement and a mass spectrometry (chemical ionization method), 
it was confirmed that the obtained crystals were the intended N-palmitoyl-p-toluenesulfonamide. 

20 

Synthesis Example 5 Preparation of phenyl N-(p-toluenesulfonyl)-carbamate 

A three necked flask equipped with a dropping funnel, a thermometer and a reflux condenser was charged 
with 10 g of p-toluenesulfonamide. The p-toluenesulfonamide was dissolved in 20 ml of pyridine, and to the 

25 resultant reaction solution was dropwise added a solution of 8.7 g of phenyl chlorocarbonate in 10 ml of toluene, 
while the flask was cooled in an ice bath and the reaction mixture was stirred by using a magnetic stirrer. This 
dropwise addition was carried out at a temperature of 20°C or less. After the dropwise addition was completed, 
the temperature of the reaction mixture was gradually restored to room temperature, and then the ice bath was 
replaced by a heating oil bath, and the flask was placed in the heating oil bath to heat the reaction mixture at 

30 a temperature of 100°C for 3 hours. After the reaction was completed, the resultant reaction product was 
washed with IN hydrochloric acid solution and extracted with ethyl ether. The extracted ethyl ether solution was 
washed with water, dried over magnesium sulfate, and filtered, and the ethyl ether in the resultant filtered sol- 
ution was evaporated to obtain a toluene solution of the reaction product. A small amount of fresh toluene was 
added to the toluene solution, and the solution was subjected to a recrystallization process. The product was 

35 1 1 .5 g of white crystals having a melting point of 1 06°C. 

Thereafter, it was confirmed by NMR measurement and a mass spectrometry (chemical ionization method) 
that the resultant product was the intended phenyl N-(p-toluenesulfonyl)-carbamate. 

Synthesis Example 6 Preparation of benzyl N-(p-toluenesulfonyl)-carbamate 

40 

The same synthesis procedures as in Synthesis Example 5 were carried out except that 8.7 g of phenyl 
chlorocarbonate were replaced by 9.6 g of benzyl chlorocarbonate, whereby 14.1 g of white crystals having a 
melting point of 98°C was obtained. 

Thereafter, it was confirmed by NMR measurement and an IR measurement that the obtained crystals were 
45 the intended, benzyl N-(p-toluenesulfonyl)-carbamate. 

Synthesis Example 7 Preparation of p-benzyloxy-phenyl N-(p-toluenesulfonyl)carbamate 

A three necked flask equipped with a dropping funnel, a thermometer and a reflux condenser was charged 
so with 5.0 g of hydroquinone-monobenzylether. The hydroquinone monobenzyl ether was dissolved in 20 ml of 
toluene at a temperature of 80°C, and to the resultant reaction solution was dropwide added 5.2 g of p- 
toluenesulfonyl isocyanate. After the dropwise addition was completed, several drops of pyridine were added 
to the reaction mixture, and the resultant reaction mixture was maintained at a temperature of 80°C for 2 hours. 
After the reaction was completed, the resultant reaction product was cooled, to cause the reaction product to 
55 crystallize and precipitate, and the precipitated white crystals were filtered and dried, whereby 9.4 g of white 
crystals having a melting point of 122°C was obtained. 

Thereafter, it was confirmed by NMR measurement and IR measurement that the resultant product was 
the intended p-benzyloxyphenyl N-(p-toluenesulfonyl)carbamate. 
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Example 1 

A thermosensitive recording paper sheet was prepared by the following procedures. 
5 (1) Preparation of an aqueous dye precursor dispersion A in the following composition 

Component Part by weight 

3- (N-isopentyl-N-ethylamino ) - 20 
10 6 -methyl - 7 -anilinof luoran 

10% aqueous solution of polyvinyl 10 
alcohol 

15 Water 70 

The composition was dispersed in a sand grinder to an extent such that the resultant dispersed solid par- 
ticles had an average size of 1um or less. 

20 

(2) Preparation of an aqueous color-developing agent dispersion B in the following composition 



Component _ 

N- ( o-toluoyl ) -p-toluenesulf onamide 

10% aqueous solution of polyvinyl 
. alcohol 

30 

Water 

The composition was dispersed in a sand grinder to an extent such that the resultant dispersed solid par- 
35 tides had an average size of 1 urn or less. 

(3) Preparation of a pigment coated paper sheet 

A coating liquid was prepared by mixing an aqueous dispersion, prepared by dispersing 85 parts by weight 
40 of anhydrous clay available under the trademark of Ansilex, from Engelhard Corporation, in 320 parts by weight 
of water, with 40 parts by weight of an aqueous emulsion of a styrene - butadiene copolymer in a solid con- 
centration of 50% by weight and 50 parts by weight of a 10% aqueous oxidized starch solution. 

The coating liquid was coated on a surface of a fine paper sheet having a basis weight of 48 g/m 2 , to form 
a coating layer having a dry weight of 7.0 g/m 2 , whereby coated paper sheet was obtained. 

45 

(4) Formation of thermosensitive colored image - forming layer 

A coating liquid was prepared by evenly mixing 80 parts by weight of the aqueous dye precursor dispersion 
A and 160 parts by weight of the aqueous color-deve loping agent dispersion B with 30 parts by weight of a 
so calcium carbonate pigment, 20 parts by weight of a 25% aqueous zinc stearate dispersion, 1 5 parts by weight 
of a 30% aqueous parafin dispersion, and 1 20 parts by weight of a 1 0% aqueous polyvinyl alcohol solution, by 
agitating the mixture. 

A surface of the pigment coated paper sheet was coated with the resultant coating liquid and dried. A ther- 
mosensitive colored image-forming layer was formed in a weight of 5.0 g/m 2 , to provide a thermosensitive 
55 recording paper sheet 

The recording sheet was treated by a super calender, and the calendered surface of the recording sheet 
had a Bekk smoothness of 600 to 1000 seconds. 

A specimen of the resultant thermosensitive recording sheet was tested by a thermal inclination tester made 
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by Toyoseiki Co., at a temperature of 120°C under a pressure of 2.5 kg/cm 2 for one second, to color develop 
the thermosensitrve colored image-forming layer thereof, and as a result, a clear black colored image was found 
to have a high color density of more than 1.2 as determined by Macbeth Reflection Color Density Tester - 914 
(trademark), as shown in Table 1 . The non-color developed portions of the tested colored image-forming layer 
were subjected to a whiteness test by using a Hunter Whiteness Tester (trademark) with a blue filter. 
The test results are shown in Table 1 . 

Example 2 

The same procedures as in Example 1 were carried out except that, in the preparation of the aqueous color 
developing agent dispersion B, N-(o-toluoyl)-p-toluenesulfonamide was replaced by N-benzoyl-o-toluenesul- 
fonamide. 

The test results are shown in Table 2. 

Example 3 

The same procedures as in Example 1 were carried out except that, in the preparation of the aqueous co- 
lor-developing agent dispersion B, N-(o-toluoyl)-p-toluenesulfonamide was replaced by N-benzoyl-o- 
toluenesulfonamide. 

The test results are shown in Table 1 . 

Comparative Example 1 

The same procedures as in Example 1 were carried out except that, in the preparation of the aqueous co- 
lor-developing agent dispersion B, N-(o-toluoyl)-p-toluenesulfonamide was replaced by a conventional color- 
developing agent consisting of 2,2-bis(4-hydroxyphenyl)propane, namely bisphenol A. 

The test results are shown in Table 1. 



Table 1 



Example No. 


Color density(D) 
of color-developed 
portion 


Whiteness (%) of 
non-color developed 
portion 




1 


1.22 


85.4 


Example 


2 


1.20 


85.6 


Comparative 
Example 1 


1.20 


70.0 



Example 3 

The same procedures as in Example 1 were carried out, with the following exception. 
(1) An aqueous dispersion C of a colored image-stabilizing agent was prepared in the following compo- 
sition. 

Component Part bv weight 

Bis [ 4- ( 1-azinidinylcarbonylamino ) 20 
phenyl ] methane 

10% aqueous solution of polyvinyl 10 
alcohol 

Water 7 0 
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The mixture was ground in a sand grinder to an extent such that the resultant solid particle had an average 
size of 1 jam or less. 

(2) A coating liquid was prepared by mixing 50 parts by weight of the aqueous dye precursor dispersion 
A, 100 parts by weight of the aqueous color-developing agent dispersion B and 100 parts by weight of the 

5 aqueous colored image-stabilizing agent dispersion C with 30 parts by weight of a calcium carbonate pig- 

ment, 20 parts by weight of a 25% zinc stearate dispersion, 1 5 parts by weight of a 30% parafin dispersion 
and 120 parts by weight of a 10% polyvinyl alcohol solution, while stirring. 

(3) As a result of the same color-developing test as in Example 1 , clear black colored images having a color 
density of 1.0 or more, as shown in Table 2, were obtained. 

10 (4) The color-developed specimen was immersed in a salad oil within 30 minutes from the completion of 
the color-developing operation or 5 hours after the completion of the color-developing operation, and left 
to stand at room temperature for 24 hours. Thereafter, the color density of the colored images retained in 
the thermosensitive colored-image-forming layer was measured by Macbeth Reflection Color Density Tes- 
ter. 

15 The test results are shown in Table 2. 
Example 4 

The same procedures as in Example 3 were carried out except that, in the preparation of the aqueous co- 
20 lor-developing agent dispersion B, N-(0-toluoyl)-p-toluenesulfpnamide was replaced by N-benzoyi-o- 
toluenesulfonamide. 

The test results are shown in Table 2. 

Example 5 

25 

The same procedures as in Example 3 were carried out except that, in the preparation of the aqueous co- 
lor-developing agent dispersion B, N-(o-toluoyl)-p-toluenesulf on amide was replaced by N-palmitoyl-p- 
* toluenesulfonamide. 

The test results are shown in Table 2. 

30 

Example 6 

The same procedures as in Example 3 were carried out except that, in the preparation of the aqueous col- 
ored image-stabilizing agent dispersion C, bis[4-(1-aziridinylcarbonylamino)phenyl]methane was replaced by 
35 2,4-bis(1-aziridinylcarbonylamino)toluene. 
The test results are shown in Table 2. 

Example 7 

40 The same procedures as in Example 3 were carried out, with the following exceptions. 

(1) The coating liquid for the colored image-forming layer was prepared by mixing 40 parts by weight of 
the aqueous dye precursor dispersion A, 80 parts by weight of the aqueous color-developing agent dispersion 
B and 70 parts by weight of the aqueous colored image-stabilizing agent dispersion C with 40 parts by weight 
of a calcium carbonate pigment, 20 parts by weight of a 25% zinc stearate dispersion, 15 parts by weight of a 
45 30% parafin dispersion and 120 parts by weight of a 10% polyvinyl alcohol solution, while stirring. 

The coating liquid was applied to a surface of a fine paper sheet having a basis weight of 48 g/m 2 , to form 
a thermosensitive colored image-forming layer having a dry weight of 7.0 g/m 2 . 

The test results of the resultant thermosensitive recording sheet are shown in Table 2. 

so Example 8 

The same procedures as in Example 3 were carried out except that, in the preparation of the aqueous dye 
precursor dispersion A, 3-<N-isopentyl-N-ethylamino)-6-methyl-7-anilino-fluoran was replaced by 3-dibutylami- 
no-6-methyl-7-anilinofluoran. 
55 The test results of the resultant thermosensitive recording sheet are shown in Table 2. 
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Comparative Example 2 

The same procedures as in Example 3 were carried out except that, in the preparation of the aqueous co- 
lor-developing agent dispersion, N-(o-toluoyl)-p-toluenesulfonamide was replaced by 2,2-bis(4-hyd- 
5 roxyphenyl)propane, namely bisphenol A. 

The test results of the resultant thermosensitive recording sheet are shown in Table 2. 

Comparative Example 3 

10 The same procedures as in Comparative Example 1 were carried out except that the resultant thermosen- 
sitive recording sheet was subjected to the same salad oil resistance tests as in Example 3. 
The test results are shown in Table 2. 



15 



Table 2 



\. Item 


Color density (D) 
of colored image 


Color density (D* ) of remaining colored 
image after immersion test in salad oil 


Example No. X 






Immersed within 
30 minutes from 
color-development 


Immersed 5 hours after 
color-development 




3 


1.20 


1.00 


1.12 




A 


1.16 


0.96 


1.06 


Example 


5 


1.10 


O.90 


1.02 


6 


1.22 


1.01 


1.12 




7 


1.12 


0.98 


1.03 




8 


1.10 


0.95 


1.00 


Comparative 


2 


1.15 


0.26 


0.97 


Example 


3 


1.22 


0.13 


0.13 



20 



25 



30 



35 



40 



Example 9 

The same procedures as in Example 1 were carried out, with the following exceptions. 

(1) The aqueous color-developing agent dispersion B was replaced by an aqueous color-developing agent 

dispersion B-a having the following composition. 



45 



50 



Composition of dispersion B-a 

Component 

p-cumylpheny N- ( p-toluenesulf onyl ) 
carbamate (m.p.=120°C) 



Part by weight 
20 



10% aqueous polyvinyl alcohol solution 



10 



55 



Water 



70 



(2) A coating liquid was prepared by mixing 75 parts by weight of the aqueous dye precursor dispersion A 
and 150 parts by weight of the aqueous color-developing agent dispersion B-a with 33 parts by weight of 
a calcium carbonate pigment, 20 parts by weight of a 25% zinc stearate dispersion, 15 parts by weight of 
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a 30% parafin dispersion, and 120 parts by weight a 10% polyvinyl alcohol solution, while stirring. 

(3) The coating liquid was applied to a surface of the pigment-coated paper sheet mentioned in Example 
1, to form a thermosensitive colored image-forming layer having a dry weight of 5.0 g/m 2 . 

(4) After calendering in the same manner as in Example 1, the resultant thermosensitive recording sheet 
5 was subjected to a colored image-forming test by using a dynamic color-forming tester prepared by mod- 
ifying a thermopensitive facsimile printing machine made by Hitachi Seisakusho, at an applied energy of 
0.46 mj/dot. 

The color density (D) of the resultant colored image was measured by using a Macbeth Reflection Color 
Density Tester RD - 91 4 (Trademark). 
10 The whiteness of the non-colored portion of the tested recording sheet was measured by using a Hunter 
Whiteness Tester with a blue filter. 

The test results are shown in Table 3. 

Example 10 

15 

The same procedures as in Example 9 were carried out except that, in the preparation of the aqueous co- 
lor-developing agent dispersion B-a, p-cumylphenyl N-(p-toluenesulfonyl)carbamate having a melting point of 
120°C was replaced by p-benzyioxyphenyl N-(p-toluenesulfonyl)carbamate having a melting point of 126°C. 

The test results are shown in Table 3. 

20 

Comparative Example 4 

The same procedures as in Example 9 were carried out except that, in the preparation of the aqueous co- 
lor-developing agent dispersion B-a, p-cumylpheny N-(p-toluenesulfonyl)carbamate was replaced by 2,2-bis(4- 
25 hydroxyphenyl)propane, namely bisphenol A, having a melting point of 156°C. 
The test results are shown in Table 3. 

Comparative Example 5 

30 The same procedures as in Example 9 were carried out except that, in the preparation of the aqueous co- 
lor-developing agent dispersion B-a, p-cumylphenyl N-(p-toluenesulfonyl)carbamate (m.p.=120°C) was rep- 
laced by the 4-tert-butyl phenyl N-phenyl-carbomate disclosed in JP-A-60-184, 879. 
The test results are shown in Table 3. 

35 

Table 3 



^^^^^^ Item 
Example No.^^--^ 


Color density (D) of 
colored image 


Whiteness of 
non-colored portion ('%) 


Example 


9 


1.40 


84.5 


10 


1.41 


85.6 


Comparative 
Example 


.4 


1.35 


71.2 


5 


0.55 


85.0 



50 Example 1 1 

The same procedures as in Example 9 were carried out, with the following exceptions. 

(1) A coating liquid was prepared by mixing 50 parts by weight of the aqueous dye precursor dispersion 
A, 1 50 parts by weight of the aqueous color-developing agent dispersion B-a and 50 parts by weight of the 

55 aqueous colored image-stabiliying agent dispersion C as mentioned in Example 3, with 30 parts by weight 

of a.calcium carbonate pigment, 20 parts by weight of a 25% zinc stearate dispersion, 15 parts by weight 
of a 30% parafin dispersion, and 120 parts by weight of a 10% polyvinyl alcohol solution. 

(2) The color-developed specimens of the resultant thermosensitive recording sheet were subjected to the 
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same salad oil resistance test as mentioned in Example 3. 
The test results are shown in Table 4. 

Example 12 

The same procedures as in Example 1 1 were carried out except that, in the preparation of the aqueous 
color-developing agent dispersion B-a, p-cumylphenyl N-(p-toluenesulfonyl) carbamate having a melting point 
of 1 20°C was replaced by p-benzyloxy phenyl N-(p-toluenesulfonyl) carbamate having a melting point of 1 26°C. 

The test results are shown in Table 4. 

Example 13 

The same procedures as in Example 1 1 were carried out except that, in the preparation of the aqueous 
colored image-stabilizing agent dispersion C, bis[4-(1-aziridinylcarbonylamino)phenyl]methane was replaced 
by 2,4-bis(1-aziridinyl-carbonyiamino)toluene. 

The test results are shown in Table 4. 

Example 14 

The same procedures as in Example 12 were carried out, with the following exceptions. 

(1) The coating liquid for the thermosensitive colored image-forming layer was prepared by mixing 40 parts 
by weight of the aqueous dye precursor dispersion A, 120 parts by weight of the aqueous color-developing 
agent dispersion B-a and 40 parts by weight of the aqueous colored image-stabilizing agent dispersion with 
40 parts by weight of a calcium carbonate pigment, 20 parts by weight of a 25% zinc stearate dispersion, 
15 parts by weight of a 30% paraffin dispersion and 120 parts by weight of a 10% polyvinyl alcohol solution, 
while stirring. 

(2) The coating liquid was applied to a surface of a fine paper sheet having a basis weight of 48 g/m 2 , to 
form a thermosensitive colored image-forming layer having a dry weight of 7.0 g/m 2 . 

The test results are shown in Table 4. 

Example 15 

The same procedures as in Example 12 were carried out except that, in the preparation of the aqueous 
dye precursor dispersion A, 3-(N-isopentyt-N-ethylamino)-6-methyt-7-anilinofinoran was replaced by 3- 
dibutylamino-6-methyl-7-anilinoflnoran. 

The test results are shown in Table 4. 

Comparative Example 6 

The same procedures as in Example 1 1 were carried out except that, in the preparation of the aqueous 
color-developing agent dispersion B-a, p-cumylphenyl N-(p-toluenesulfonyl)carbamate having a melting point 
of 120°C was replaced by 2,2-bis(4-hydroxyphenyl)propane, namely bisphenol A. 

Thei test results are shown in Table 4. 

Comparative Example 7 

The same procedures as in Example 1 1 were carried out except that, in the preparation of the aqueous 
color-developing agent dispersion B-a, p-cumylphenyl N-(p-toluenesulfonyl)carbomate having a melting point 
of 120°C was replaced by 4-tert-butyi phenyl N-phenylcarbamate as disclosed in J P-A-60- 184,874. 

The test results are shown in Table 4. 
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Table A 



10 



15 



Item 


Color density (D) 
of colored image 


Color density (D f ) of remaining color 
image after immersion test in salad oil 


Example NoV^ 






Immersed vithin 
30 minutes after 
color-development 


Immersed 5 hours after 
color-development 




11 


1.32 


1.21 


1.28 




12 


1.35 


1.25 


1.30 


Example 


13 


1.30 


1.15 


1.25 




14 


1.27 


1.10 


1.18 




15 


1.28 


1.16 


1.22 


Comparative 


6 


1.28 


0.36 


1.11 


Example 


7 


0.47 


0.13 


0.35 



Example 16 

25 The same procedures as in Example 9 were carried out, with the following exceptions. 

(1) An aqueous colored image-stabilizing agent dispersion C-a was prepared in the following composition 
and in the same manner as in Example 3. 



30 Composition of dispersion C-a 

Component. Part by weight 

4,4' -bis ( 2" , 3 M -epoxypropyloxy) 20 
dipheny 1 s u 1 f one 

35 

10% polyvinyl alcohol solution 10 
Water 70 



40 (2) A coating liquid was prepared by mixing 50 parts by weight of the aqueous dye precursor dispersion 

A, 150 parts by weight of the aqueous color-developing agent dispersion B-a and 50 parts by weight of the 
aqueous colored image-stabilizing agent dispersion C-a, with 30 parts by weight of a calcium carbonate 
pigment, 20 parts by weight of a 25% zinc stearate dispersion, 15 parts by weight of a 30% parafin disper- 
sion and 120 parts by weight of a 10% polyvinyl alcohol solution, while stirring. 

45 (3) The coating liquid was applied to a surface of the same pigment-coated paper sheet as in Example 1, 

to form a thermosensitive colored image-forming layer having a weight of 5.0 g/m 2 , and the resultant ther- 
mosensitive recording sheet was calendared in the same manner as in Example 1. 
(4) A specimen of the calendared thermosensitive recording sheet was subjected to a whiteness measure- 
ment by using a Hunter Whiteness Tester with a blue filter. 

so (5) Separately, a specimen of the calendared thermosensitive recording sheet was stored in a dryer con- 
trolled to a temperature of 60°C, for 24 hours, and then the whiteness of the resultant recording sheet was 
measured by using a Macbeth Reflection Color Density Tester RD-914 (trademark). The resultant 
measured color density is referred to as a low temperature ground color-formation value. 

(6) Separately, a specimen of the recording sheet was subjected to the same colored image-forming test 
55 as in Example 11. The resultant measured color density value D is referred to as an initial color density 

value. 

(7) The color image-formed recording sheet was subjected to the same salad oil-immersion test as in 
Example 3, except that the immersion of the colored image-formed recording sheet in the salad ofl was 

16 
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carried out immediately after the completion of the color development, at room temperature for 24 hours. 

The color density of the remaining colored image was measured by a Macbeth Reflection Color Density 
Tester. The measured color density value is referred to as an after test color density value D'. 

The retention R of the color density of the colored image is calculated in accordance with the following 
equation: 

R(%) = ^x100 

The test results are shown in Table 5. 
Example 17 

The same procedures as in Example 16 were carried out except that, in the preparation of the aqueous 
color-developing agent dispersion B-a, p-cumylphenyl N-(p-toluenesulfonyl)carbamate having a melting point 
of 120°C was replaced by p-benzyloxyphenyl N-(p-toluenesulfonyl)carbamate having a melting point of 126°C. 

The test results are shown in Table 5. 

Example 18 

The same procedures as in Example 16 were carried out except that, in the preparation of the aqueous 
color-developing agent dispersion B-a, p-cumylphenyl N-(p-toluenesulfonyl) carbamate having a melting point 
of 120°C was replaced by N-(o-toluoyl)-p-toluenesulfonamide having a melting point of 1 18°C. 

The test results are shown in Table 5. 

Example 19 

The same procedures as in Example 17 were carried out except that, in the preparation of the aqueous 
colored image-stabilizing agent dispersion C-a, 4,4'-bis(2",3"-epoxypropyloxy)diphenylsulfone was replaced 
by bis(2,3-epoxypropyl)terephthalate. 

The test results are shown in Table 5. 

Example 20 

The same procedures as in Example 17 were carried out except that, in the preparation of the aqueous 
colored image-stabilizing agent dispersion C-a, 4,4'-bis(2",3"-epoxypropyloxy)diphenylsulfone was replaced 
by 4-(2'-methyl-2',3'-epoxypropyloxyH'-benzyloxy-diphenylsulfone. 

The test results are shown in Table 5. 

Example 21 

The same procedures as in Example 16 were carried out except that, in the preparation of the aqueous 
colored image-stabilizing agent dispersion C-a, 4,4'-bis(2",3"-epoxypropyloxy)diphenylsulfone was replaced 
by an epoxidized novolak cresol resin (available under the trademark of Denacol EM-1 25, from Nagase Kasei.) 

The test results are shown in Table 5. 

Example 22 

The same procedures as in Example 16 were carried out except that, in the preparation of the aqueous 
dye precursor dispersion A, 3-(N-isopentyl-N-ethylamino)-6-methyl-anilinofluoran was replaced by 3- 
dibutylamino-6-methyl-7-anilinofluoran. 

The test results are shown in Table 5. 

Comparative example 8 

The same procedures as in Example 19 were carried out except that, in the preparation of the aqueous 
color-developing agent dispersion, p-benzyioxyphenyl N-(p-toluenesulfonyl)carbamate was replaced by 2,2- 
bis(4-hydroxyphenyl)propane, namely bisphenol A. 

The test results are shown in Table 5. 

17 
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Comparative Example 9 

The same procedures as in Example 16 were carried out except that, in the preparation of the aqueous 
color-developing agent dispersion B-a, p-cumyiphenyl N-(p-toluenesulfonyl)carbamate having a melting point 
5 of 120°C was replaced by (4-hydroxy phenyl )sulfone, namely bisphenol S. 
The test results are shown in Table 5. 



Table 5 

10 



Item 
Example No. 


Whiteness 
of 

recording 
sheet 


Low 

temperature 

ground 

color 

formation 

value 


Retention 
(R) of 
colored 
image 

(%) 


Example 


16 


82.4 


0.10 


77 ! 


17 


83.2 


0.08 


79 


18 


82.7 


0.07 


71 


19 


82.1 


0-13 


76 


20 


83.2 . 


0.07 


67 


21 


81.9 


0.08 


74 


22 


83.7 


0.07 


71 


Compara- 
tive 
Example 


8 


60.7 


0.67 


74 


9 


70.6 


0.20 


89 



35 Table 1 clearly shows that the new color-developing compounds of the formula (I) have a color-developing 

capability comparable with bisphenol A, which is a typical conventional color-developing agent, and the resul- 
tant thermosensitive colored image-forming layer exhibits a significantly higher whiteness than that of the con- 
ventional colored image-forming layer containing bisphenol A. 

Table 2 clearly shows that, when the color-developing compound of the present invention is employed 

40 together with a colored image-stabilizing agent comprising an aziridinyi compound, the resultant colored image 
exhibits a high resistance to oily or fatty substances and to a plasticizer, even immediately after the completion 
of the color development. 

Table 3 clearly shows that the color-developing compounds of the formula (I) exhibit an excellent color- 
developing activity higher than that of bisphenol A, and the resultant colored image-forming layer has a superior 
45 whiteness significantly higher than that of the conventional bisphenol A - containing colored image - forming 
layer. 

Table 4 shows that the employment of the colored image-stabilizing agent comprising an aziridinyi com- 
pound, in combination with the specific color-developing compound of the present invention, is highly effective 
for enhancing the oil and plasticizer resistance of the resultant colored images, even immediately after the color 

50 development thereof. 

Table 5 clearly indicates that, when the specific color-developing compounds of the formulae (I) and (II) of 
the present invention are used together with an aromatic epoxy compound, the resultant color images exhibit 
a superior resistance to oils and plasticizers, and the resultant colored image-forming layer exhibits a satisfac- 
tory whiteness, whereas a combination of a conventional phenolic color-developing agent with an aromatic 

55 epoxy compound usually causes the resultant colored image-forming layer to exhibit a lowered whiteness and 
an undesirably enhanced ground color-developing property at a relatively low temperature. 
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15 



45 



Claims 

1. A thermosensitive recording material comprising: 
a sheet substrate, and 

a thermosensitive colored image-forming layerformed on a surface of the sheet substrate and com- 
prising a substantially colorless dye precursor, a color developing agent reactive with the dye precursor 
upon heating to thereby develop a color, and a binder, 

said color developing agent comprising at least one aromatic sulfon(thio)amide compound selected 
from the group consisting of the compounds of the formulae (I) and (II): 

Rj - . S0 2 - NH - C - Y - R 2 . . . ( I ) 



and 



Rj - S0 2 - NH - C - R 3 ...(II) 

20 * | 

0 

in which formulae (I) and (II), X and Y respectively and independently from each other represent a member 
25 selected from the group consisting of oxygen and sulfur atoms; represents a member selected from 

the group consisting of unsubstituted aromatic mono- and poly- cyclic groups, and substituted phenyl 
groups having at least one substituent selected from the group consisting of lower alkyl groups, aryl groups 
and halogen atoms; R 2 represents a member selected from the group consisting of substituted alkyl groups 
having at least one substituent selected from the group consisting of aralkyl and aryloxy groups, unsub- 
30 stituted aromatic mono- and poly-cyclic groups, and substituted aromatic mono- and poly-cyclic groups 

having at least one substituent selected from the group consisting of alkyl, alkenyl, aryl, aralkyl, alkyloxy, 
aryloxy. aralkyloxy, alkylmercapto, arylmercapto, aralkyl mercapto, alkyloxycarbonyl, aryloxycarbonyl and 
aralkyloxycarbonyl groups and halogen atoms; and Rq represents a member selected from the group con- 
sisting of substituted phenyl groups having at least one substituent selected from the group consisting of 
35 lower alkyl groups, aryl groups and halogen atoms, unsubstituted aromatic mono- and poly- cyclic groups 

and aliphatic and cycioaliphatic hydrocarbon groups having 1 to 20 carbon atoms. 

2. The thermosensitive recording material as claimed in claim 1 , wherein the aromatic sulfon(thio)amide com- 
pound in the color-developing agent is present in an amount of 1 0 to 50% based on the total weight of the 

40 thermosensitive colored image-forming layer. 

3. The thermosensitive recording material as claimed in claim 1 , wherein the aromatic sulfon(thio)amide com- 
pound is present in an amount of 50% to 100% based on the total weight of the color-developing agent 



The thermosensitive recording material as claimed in claim 1, wherein the thermosensitive colored ima- 
ge-forming layer further contains a colored image-stabilizing agent comprising at least one member selec- 
ted from the group consisting of aromatic compounds having at least one epoxy group and organic 
compounds having at least one aziridtnyl group. 

5. The thermosensitive recording material as claimed in claim 4, where the colored image-stabilizing agent 
50 is present in an amount of 1 to 30% by weight in the thermosensitive colored image-forming layer. 

6. The thermosensitive recording material as claimed in claim 1, wherein the aromatic compounds having 
at least one epoxy group for the colored image-stabilizing agent are selected from the group consisting 
of 4,4'-bis(2 w ,3"-epoxypropyloxy)dipheny1sulfone, 2,2-bis[4'-(2 w ,3"-epoxypropyloxy) phenyl] propane, 1 ,4- 

55 bis(2',3'-epoxypropyloxy) benzene, 4-(2"-methyl-2",3' , -epoxypropyloxy)-4'-benzyloxy-diphenylsulfone, 4- 

(^'^"-epoxypropyloxyH'-tp-methyldioxy^iphenylsulfone, epoxidized o-novolak cresol resines, 4,4'-bis 
(2\3"-epoxypropyloxy)diphenyimethane, 4,4'-bis(2",3 w -epoxypropylamino)diphenylmethane l bis(2 w ,3"- 

19 
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epoxypropyl) 4,4'-methylene dibenzoate, 4,4'-bis(2\3"-epoxypropyloxy)biphenyl, 4,4'-bis(2",3"-epoxyp- 
ropyloxy)-3,3',5 t 5'-tetramethylbiphenyl, 2, 6-bis(2',3'-epoxypropyloxy) naphthalene, and bis(2,3-epoxyp- 
ropyl)terephthatate. 

The thermosensitive recording material as claimed in claim 1, wherein the organic compounds having at 
least one aziridinyl group for the colored image-stabilizing agent are selected from the group consisting 
of 2,4-bis(1-aziridinytcarbonylamino)to!uene l bis[4-(1-aziridinylcarbonylamino)phenyl]methane, bis[3- 
chloro-4-(1-aziridinylcarbonylamino)phenyt]methane, 2,2-bis[4-(1-aziridinylcarbonyloxy)phenyl]propane, 
and 1 ,4-bis(1-aziridinylcarbonyl)benzene. 



20 
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